The essential oil of Murraya paniculata L leaves from the mountains of the Central Region of Cuba, obtained by hydrodistillation, was analyzed by gas chromatography-mass spectrometry. Eighteen compounds, accounting for 95.1% of the oil were identified. The major component was -caryophyllene (ca. 30%). The antioxidant activity of essential oil was evaluated against Cucurbita seed oil by peroxide, thiobarbituric acid and p-anisidine methods. The essential oil showed stronger antioxidant activity than that of butylated hydroxyanisole and butylated hydroxytoluene, but lower than that of propyl gallate. Moreover, this antioxidant activity was supported by the complementary antioxidant assay in the linoleic acid system and 2, 2′-diphenyl-1-picrylhydrazyl. The essential oil also showed good to moderate inhibitory effects against Klebsiella pneumoniae and Bacillus subtilis.
Murraya paniculata (Linn.) Jack, synonym M. exotica Linn, known as orange jasmine, family Rutaceae, is commonly grown in gardens [1] . This plant has been used in ethnomedicine for its beneficial effects in rheumatic fever, coughs, giddiness, hysteria, dehydration, burning of the skin and antidiarrheal activity [2a-c] . In addition, the leaves have shown antibiotic activity against Micrococcus pyogenes var. aureus and Escherichia coli [3] . In Cuba, this plant is used as an antineuralgic in dental infections [4] . Pharmacological studies of extracts of this plant have shown antiparasitic and larvicidal effects [5] [6] [7] . Indole alkaloids [8] , coumarins [9] [10] [11] [12] and isoflavonoids [13] have been found in Murraya extracts. El-Sakhawy et al., using GC-MS, have identified forty-four components, with α-pinene as the major constituent, in the essential oil of fresh flowers, leaves and fruits of M. paniculata, cultivated in Egypt [14] . Olawore et al., using essential oils from leaves of this plant cultivated in Nigeria, found as main constituents -cyclocitral, methyl salicylate, trans-nerolidol, -cubebene, (-)-cubenol, -cubebene and isogermacrene [15] , whereas the essential oil of plant leaves from the plains of northern India showed the presence of (E)-nerolidol, α-zingiberene, β-caryophyllene, (E,E)-farnesol and δ-elemene as the major constituents [16] . The presence of spathulenol, α-pinene, caryophyllene oxide, α-and -caryophyllene and bicyclogermacrene has been reported in M. paniculata from China [17a,b] . Thus, the composition of essential oils of Murraya leaves is strongly affected by agronomical and technological factors, such as place of cultivation and climate. Raina et al. [18] also reported differences in chemical composition of four genetically diverse chemotypes of Murraya from various parts of India.
Taking into account the variable composition of the essential oil of M. paniculata leaves and its relationship with biological activity, it was thought to be of interest to make a detailed analysis (chemical composition and antioxidant and antimicrobial activities) of the essential oil extracted from leaves of this species from the Escambray Mountains in the Central Region of Cuba, where the plant grows profusely.
Composition of essential oil: GC-MS analysis led to the identification of eighteen compounds, representing about 95% of the total oil (Table 1) . β-Caryophyllene was the major constituent (29.8%), followed by β-cubebene, α-caryophyllene, bicyclogermacrene, spathulenol and viridiflorol, which were all in ca. 5% proportions. The results show some differences with previous reports. For example, the essential oil of fresh leaves cultivated in China showed as the two major constituents, bicyclogermacrene (26.0%) and β-caryophyllene (20.8%) [17b], whereas the essential oil collected in India provided (E)-nerolidol (27.8%) as the major constituent [16] , and that from Nigeria, βcyclocitral (22.9%) and methyl salicylate (22.4%) [15] . The same species cultivated in Egypt possessed α-pinene (62.5%) as the major component [14] . On the other hand, in Cuba, β-caryophyllene (24.1%) was the major constituent of the essential oil harvested from western Cuba, which agrees with our results [19] . These differences could be attributed to environmental factors (for example, climate, soil, season of collection) and/or the existence of chemical polymorphisms. a RI x , retention index as determined on a TR-5MS column using the homologous series of n-hydrocarbons as reference (relative to C 7 -C 20 n-alkanes).
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Antioxidant activity: For control purposes, the antioxidant activity of the essential oil was first estimated on crude Cucurbita seed oil. Peroxides, which are the primary products of lipid oxidation, play a central role in auto oxidation of lipids. The peroxide value (PV) index measures the total peroxide and hydroperoxide content of theedible oil system. As shown in Figure 1 , for a storage period of 28 days at 60ºC, the PV of the crude Cucurbita oil control sample increased from 10.4 meq/kg to 40 meq/kg, which is significantly higher than the PV increase in the samples containing either the essential oil or an antioxidant additive. The essential oil showed an antioxidant activity better than those of butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT), but similar to that of thymol and lower than that of propyl gallate (PG).
During oxidation, peroxides are generally decomposed to secondary oxidation products such as malonaldehyde and 2-alkenals, which are measured by the thiobarbituric acid (TBA) and p-anisidine methods, respectively. The effect of essential oil on malonaldehyde formation in terms of TBA value versus incubation time at 60ºC is shown in Figure 2 . Malonaldehyde formation in Cucurbita seed oil without and with antioxidant additives increased with incubation time; however, malonaldehyde appeared at much lower rates when an antioxidant was present. The antioxidant effect of the tested samples followed the same sequence as that observed for the PV measurements ( Figure 1 ). The p-anisidine method was also applied ( Figure 3 ). Again, the sample containing essential oil provided lower p-anisidine values than the control; the strength of the inhibition effect followed the same sequence as in the other assays. Therefore, the primary oxidation products (peroxides) were produced at quite similar rates as the secondary oxidation products. In addition, significant differences (at p < 0.05 level) were found between the control sample and those samples containing either the essential oil or an antioxidant. Among the tested additives the inhibition effect of essential oil was satisfactorily large; furthermore, this oil was proved to be effective in preventing the formation of both primary and secondary oxidation products. Lipid peroxidation was monitored over a period of six days. As shown in Figure 4 , the absorbance of the linoleic acid emulsion in the control sample (without additive) increased rapidly during this period. With respect to the control, the lower absorbance of the samples containing the essential oil or another additive is an estimation of the antioxidant activity. According to the results shown in Figure 4 , the essential oil showed an antioxidant activity slightly higher than that of BHA, similar to those of BHT and thymol, and lower than that of PG. In all cases, the samples containing additives showed antioxidant activities significantly larger than that of the control (p < 0.05 level). Fe 3+ reduction is often used as an indicator of electron donating activity, which is an important mechanism of antioxidant action [21] . The reducing power of the essential oil and the other antioxidants is shown in Figure 5 . In all samples, the reducing power increased when the concentration of the antioxidant additive also increased. However, the reducing power of the essential oil was found to be significantly different and lower than that of all the other samples (p < 0.05). The 2, 2′-diphenyl-1-picrylhydrazyl (DPPH) free radical has been widely used as a tool to estimate free radical-scavenging activity of antioxidants [22, 23] . Table 2 shows the DPPH radical scavenging activities and IC 50 (concentration of sample required to scavenge 50% of free radicals) values of essential oil and the other antioxidant additives (BHT, thymol and eugenol). A low IC 50 value typically indicates a large antioxidant activity. Thus, the essential oil showed a similar scavenging power to thymol, but lower than BHT and eugenol. Antimicrobial activity: The in vitro antibacterial activity of the essential oil against a few bacterial species was assessed by the presence or absence of inhibition zones using the agar well diffusion method. As shown in Table 3 , the essential oil, evaluated at three concentration levels, exhibited inhibitory effects mainly on B. subtilis ATCC6633 and K. pneumonia ATCC 13833. These data are comparable with those found for vancomycin and amikacin for each bacterial species, respectively. However the essential oil did not show activity against either the fungus Candida albicans or the other tested bacterial species, Pseudomonas aeruginosa and S. aureus. On the contrary, the essential oil of M. exotica leaves obtained in Egypt showed modest antibacterial activity against these three species [14] . These differences could be attributed to different environmental conditions or the existence of chemotypes, which, as indicated above, affect the oil composition and, therefore, its activity. 
Essential oil isolation:
The oil from air-dried and ground aerial parts of the plant was isolated by hydrodistillation using a Clevenger type apparatus in accordance with the method recommended in the current European Pharmacopoeia [24] . A light, yellow oil (yield 0.2% w/w, according to dry leaves) with a pleasant odour was obtained. The oil was dried over anhydrous Na 2 SO 4 and preserved in a sealed vial at 4ºC prior to analysis.
Gas chromatography-mass spectrometry (GC-MS) analysis:
A Focus GC gas chromatograph equipped with an AI 3000 autosampler and coupled to a DSC II mass spectrometric detector (operated at ionization energy of 70 eV) from Thermo Fisher Scientific (Austin, TX, USA) was used. The analytical capillary column was a TR-5MS (95% dimethyl-5% phenylmethylpolysiloxane, 30 m length, 0.25 mm i.d., 0.25 µm film thickness) from Thermo Fisher Scientific. The oven temperature was programmed as follows: 60°C for 1 min, rising at 4°C/min to 120ºC, then 2°C/min up to 150°C, held for 10 min, then 10°C/min up to 230°C and finally 20°C/min up to 280°C. The transfer line and ion source temperatures were set at 280°C. Helium was used as the carrier gas at a flow rate of 1 mL/min. Samples {1 L of essential oil dilutions (1/100) in acetone} were injected into the GC system in the splitless mode. The compounds were identified by comparison of their mass spectra with those reported in the National Institute of Standards and Technology (NIST) Mass Spectra Library and published in the literature [13] . In addition, retention indices were measured (relative to C 7 -C 20 on the TR-5MS column) and compared to literature data [15-17a,20] . All assays were performed in triplicate.
Antioxidant activity:
The oxidative deterioration was monitored using a modification of Shaal Oven test [21] . Briefly, the essential oil and several antioxidants (thymol, BHA, BHT and PG) were added individually (at levels of 0.02%, w/v) to unrefined crude Cucurbita seed oil. The initial peroxide value of Cucurbita seed oil was 10.4 meq of O 2 /kg. The mixtures were homogenized and incubated at 60ºC in the dark for 4 weeks. Oxidative deterioration was periodically assessed by measuring the peroxide (PV), TBA and p-anisidine values. Under similar conditions, a blank (Cucurbita seed oil without any additive) was also monitored. Complementary antioxidant activity in the linoleic acid system and DPPH tests were also applied. Peroxide (PV), thiobarbituric acid (TBA) and panisidine values were determined as earlier reported methods [25] [26] [27] . All determinations were performed in triplicate.
Complementary antioxidant activity in linoleic acid system (FTC method):
The antioxidant activity of M. paniculata essential oil, a natural antioxidant (thymol) and 3 synthetic antioxidants (BHA, BHT, PG), was determined according to the ferric thiocyanate (FTC) method [28] , with some modifications. The reaction medium contained 2.5 mL of a solution of essential oil (1 mg/100 mL in absolute ethanol), 2.5 mL of a 2.5% linoleic acid emulsion, and 5.0 mL of 0.05 M phosphate buffer (pH 7.0). The mixture (10 mL) was incubated at 40ºC in the dark for one week, and peroxide levels were determined daily. The effects of thymol, BHA, BHT and PG at the same concentration levels were also measured and compared with that of the essential oil. For this purpose, 0.1 mL was taken, mixed with 0.1 mL of 20 mM FeCl 2 , 0.1 mL of ammonium thiocyanate (30%) and 9.7 mL ethanol, and the absorbance at 500 nm was measured. The same medium, but without any additive, was used for control.
Reducing power and free radical scavenging ability (DPPH method):
The reducing power was assessed as described by Kapoor et al. [28] whereas the antioxidant activity was measured on the basis of scavenging activity on the stable DPPH free radical according to Thi Dung et al. [29] .
Antimicrobial evaluation: According to the standard agar diffusion method of the National Committee for Clinical Laboratory Standards [30] , the diameters of inhibition zones of essential oil at 3 concentration levels: 25, 50 and 100% oil in dimethyl sulfoxide against the tested species [2 tested Gram-positive bacteria (Bacillus subtilis ATCC 6633 and Staphylococcus aureus ATCC 25932), two Gram-negative bacteria (Pseudomonas aeruginosa ATCC 27853 and Klebsiella pneumoniae ATCC 13833), and a fungus (Candida albicans ATCC 18231)] were measured.
